in escaping agricultural harvesting, succession, or summer drought (19) . The selective forces driving the molecular evolution of flowering time genes can now be examined in more detail.
There was no clear geographical association of the ecotypes within the groups defined by the FRI alleles, or between the earlyflowering group 1 ecotypes and the late-flowering group 4 ecotypes from which they may have arisen. Human-induced dispersal has been a major factor in the recent spread of Arabidopsis ecotypes and has resulted in little association of geographical and genetic distance (20, 21) . Human disturbance regularly exposes Arabidopsis ecotypes to novel environments, thus maintaining a strong selective pressure for adaptive mutations. This may account for loss-of-function mutations providing the basis for the evolutionary changes in Arabidopsis flowering time.
Selfish DNA in Protein-Coding
Genes of Rickettsia (6 ) , are normally found inside the cells of arthropods, such as lice, fleas, and ticks. They occasionally infect humans and cause serious diseases. The causative agent of Mediterranean spotted fever, also known as boutonneuse fever, is R. conorii, an intracellular bacterium of ticks (Rhipicephalus sanguineus) (7 ) . The complete 1.1-Mb genome of Rickettsia prowazekii, a close relative of R. conorii transmitted by lice (Pediculus humanus humanus), was recently reported (8) . One salient feature of this genome is the abundance of noncoding sequences, suggesting ongoing genome degradation that parallels the evolutionary scenario presumed to have occurred for mitochondria (8, 9) . The sequencing of the entire 1.3-Mb R. conorii genome has been undertaken to study the evolution of Rickettsia and the molecular basis of different life-styles and pathogenicities (10 fig. 1 (11) ]. Because of their well-conserved palindromic nature, most of these sequences are able to form stable hairpinlike mRNA secondary structures (12) . Hairpins, such as those shown in Fig. 1 , are predicted to correspond to the minimum free energy secondary structures for 39 of these repeats.
The amino acid sequences encoded by the 19 repeats found in R. conorii ORFs are well conserved and correspond to the same reading frame [Web fig. 2 (11) ] (13). The predicted conformation of the putative peptide chains consists of a central, mildly hydrophobic ␣ helix, flanked by two extended or coil regions including two conserved glycine residues (at positions 14 and 34), a conserved proline ( position 40), and numerous conserved charged residues. Insertion sites within the ORFs vary from NH 2 -terminal to near COOH-terminal ends (Fig. 2) , but secondary-structure prediction and hydropathy analyses suggest that they always occur at the surface of the various proteins. In all cases where the three-dimensional (3D) structures of homologs were available, the insertion sites occurred within NH 2 -terminals, loops, or short helices exposed to solvent (14 ) .
Of (15) . There is no structural correlation among the repeat-containing ORFs (14 ) , and they cover a wide spectrum of functional categories (nucleotide metabolism, mRNA processing, translation, and envelope formation). It is unlikely that the 19 repeat-containing ORFs might be pseudogenes for two reasons: (i) they exhibit statistical properties [e.g., fifth-order Markov statistics (16 ) ] similar to those of regular genes, and (ii) they do not have any "normal" counterparts in the R. conorii genome. Furthermore, the presence of a cognate transcript was verified by reverse transcriptase-polymerase chain reaction (RT-PCR) for gltX, hemC, and ubiG, three of the repeat-containing ORFs in R. conorii (17) (18) (19) .
All other available microorganism genomes were scanned for similarity to the above R. conorii repeats. Twelve homologous sequences were identified within R. prowazekii (10) , Rickettsia helvetica (1), and Rickettsia felis (1) 
Eleven of these repeats were found inserted in ORFs, most of which correspond to important functions, and have homologs in distant phyla ( Table 1) . Because of its apparent specificity to Rickettsia, this new family of repeats will be referred to as Rickettsia palindromic elements (RPEs). (11)]. Nine of the 10 RPEs identified in R. prowazekii occur in ORFs (8) . Their peptide translations also exhibit an increased sequence divergence (13) .
There are only three cases of putative orthologs among the RPE-containing ORFs: DNA polymerase I ( polA) (R. felis and R. helvetica), 3-deoxy-D-mano-octulosonic-acid transferase (kdtA) (R. prowazekii and R. conorii), and the hypothetical protein RP545 (R. prowazekii and R. conorii). In all three cases, the regions translated from the RPEs appeared ‡Protein Data Bank identifiers and species name of the structure determined.
to evolve more rapidly than the rest of the proteins (20) .
The RPE resembles the 127-base pair (bp) intergenic repeat unit (IRU) (21) and the 151-bp-long RSA repeats (22) previously described in Enterobacteriaceae, in respect of frequency, size, palindromic structure, and relative sequence conservation. However, IRU and RSA do not share any sequence similarity with RPE and are always found in extragenic regions, except for one documented occasional insertion of RSA at the COOHterminal of a gene (23) . They are too small to encode the enzymes found in bacterial insertion sequences and lack their characteristic flanking repeats. A mechanism involving RNA intermediates is thought to be responsible for the amplification of these repeats (22) .
The surprising occurrences of RPEs within coding regions raise the possibility that they might be excised at the mRNA level. A first argument against this hypothesis, however, is that the RPEs located within coding regions never interrupt the translation frames. Furthermore, direct RT-PCR experiments demonstrated the presence of the RPE sequences on the transcripts of three genes that we tested ( gltX, hemC, and ubiG ) (17) (18) (19) . RPEs are thus unlikely to be a new type of intron.
Another possibility is that the translated RPE is excised at the protein level like inteins (24) . Inteins are 360 -to 548 -amino acidlong peptide intervening sequences, encoding both an endonuclease and a self-splicing activity. Shorter "mini-inteins" lacking the endonuclease domain and only 134 to 198 amino acids long have been described (24) . Given their much smaller size (ϳ45 residues), translated RPEs are unlikely to encode comparable enzymatic activities. RPEs also lack all consensus motifs associated with protein splicing found in inteins. Furthermore, the analysis of available 3D structures (25) indicates that intein insertions often interrupt secondary structure elements and/or occur in buried regions of their target proteins. Inteins must thus be quickly excised to allow the folding of a functional protein. In contrast, RPEs always occur at the surface of a protein (14) and appear compatible with the functional fold. Finally, there is preliminary evidence that the GltX and Alr genes (Table 1) , when expressed in Escherichia coli, produce polypeptides of sizes compatible with the presence of the RPE-derived peptides (26) .
The previously described IRU and RSA palindromic repeats, similar in size and structure to the RPE, are considered selfish DNA elements occasionally recruited for local regulatory function at the replication, transcription, or translation levels (22) . The characteristic occurrences of RPEs within coding regions are now raising the possibility that they may have acquired a function at the protein level. The RPE-derived peptide might participate in cellular processes specific to Rickettsiae and related to their obligate intracellular parasitism in arthropods or their pathogenicity in humans. All RPEs are inserted in coding regions by means of the same reading frame, thus producing similar amino acid sequences. This might suggest a positive selection for a RPE-specific function. The alternative is that the RPE-derived peptides are rather neutral, and none of the other reading frames could result in a peptide sequence compatible with the structure and function of the original protein. Two main arguments support the latter hypothesis: (i) The other reading frames would result in stretches of hydrophobic residues, and (ii) the RPE-derived peptide are much less conserved than the rest of the proteins (20) . The RPE-derived peptide conformation is also predicted to consist of two randomcoil regions flanking a central ␣ helix. Such a modular structure is likely to be well tolerated at the surface of the host protein.
The insertion of RPEs in many unrelated proteins in R. conorii and R. prowazekii also argues against a specific functional constraint. In R. conorii, the relative frequency of the RPEs in the coding versus the extragenic region is compatible with a model of random insertion followed by counterselection of inadequate RPE reading frames and of inappropriate buried locations in host proteins (14 ) . The accumulation of this repeat in Rickettsiae might thus be the result of random genetic drift within a small population [Muller's ratchet (27 ) ] associated with the obligate intracellular, slow-growing life-style of these bacteria.
The RPEs appear to represent a previously unknown class of selfish DNA element encoding a peptide insert easily tolerated by arbitrary protein hosts. Over evolutionary times, multiple random insertions of such elements within genes, followed by selection on the resulting peptide sequences within the context of different host proteins, might have contributed to the emergence of new protein sequences, domains, and functions. Participants playing the computer game Tetris reported intrusive, stereotypical, visual images of the game at sleep onset. Three amnesic patients with extensive bilateral medial temporal lobe damage produced similar hypnagogic reports despite being unable to recall playing the game, suggesting that such imagery may arise without important contribution from the declarative memory system. In addition, control participants reported images from previously played versions of the game, demonstrating that remote memories can influence the images from recent waking experience.
People who engage in novel physical or mental activities for extended periods of time often experience a hallucinatory replay of the activities as they fall asleep, a phenomenon noted in both literary and scientific sources (1) (2) (3) . Although the origin of these images in waking experience appears clear, the source within the brain and the function of such imagery are uncertain. If these images are mediated by declarative memory systems, amnesic patients with bilateral hippocampal lesions should not experience them. Because amnesics are capable of reporting dream experiences (4, 5) , the question can be meaningfully addressed. Most studies of dreaming involve reports of mental activity after forced awakenings from rapid eye movement (REM) sleep (6, 7 ) or after spontaneous awakenings in the middle of the night or morning (8) . Hypnagogic mentation represents another source of sleep-state mental imagery (9 -12) . Studies of the role of sleep in learning and memory have generally ignored the hypnagogic period, focusing instead on possible roles of REM sleep and deep, slow wave sleep (13) (14) (15) (16) .
We asked 27 participants to play 7 hours of the computer game Tetris (17) over 3 days, 2 hours at the first exposure and 1 hour each subsequent morning and evening (18) . Three groups of participants were studied: 12 novices with no prior Tetris experience, 10 experts with considerable Tetris experience, and 5 amnesics with extensive, bilateral medial temporal lobe damage (19) . Participants were repetitively prompted for mentation reports during the first hour of attempted sleep (20) .
Even though the five amnesic patients were of average intelligence, they were unable to learn and retain new episodic information regardless of modality of presentation or the nature of the material. The performance of the amnesic patients showed only minimal, albeit significant, improvement over 7 hours of play (Fig. 1) . The mean score increased from 537 points on participants' first game to a first session average of 651. Over the next five sessions, the scores increased by 36% to 884 points per game (21) . Although game playing is often seen as based on procedural learning (which is preserved in amnesia), the amnesic group demonstrated impoverished learning in comparison with normal novices, suggesting that Tetris proficiency may also depend on declarative memory systems. This interpretation is supported by the finding that left and right hippocampal glucose utilization during Tetris play decreases during training in proportion to improvement in performance, suggesting a shift away from hippocampal dependence as learning plateaus (22) .
Three of the five patients produced a total of eight reports of Tetris imagery across three nights. These reports accounted for 7.4% of all hypnagogic reports collected, similar to that seen in normal participants (7.2%; Fig. 2A ) (23) . In contrast, there was only a single report of a thought about Tetris without clearly associated imagery (Ͻ1%; Fig. 2B ). As with the normal participants, the visual imagery reported was highly stereotyped (24 ) .
Normal controls without prior experience playing Tetris had first game scores averaging 786, significantly higher than that of the amnesics (25) . They showed considerable improvement in performance over the 3 days and six sessions ( Fig. 1 ) (26 ) . The appearance of hypnagogic Tetris images in novices was very similar to that seen with amnesics. Nine of 12 Tetris novices produced a total of 19 reports of Tetris imagery over two nights of recording, a report rate very similar to that of the amnesics (Fig. 2A) . The imagery described showed the same highly stereotyped content as seen with the amnesics (27 ) . Novices produced 12 reports of thoughts of Tetris without imagery (Fig. 2B) . Such reports, clearly linked to declarative memories, were virtually absent in the amnesics.
Ninety percent of the reports with images from these novices (17 out of 19) were obtained on the second night. In contrast, twothirds of the reports of thoughts alone (8 out of 12) occurred on the first night (Fig. 2) . Although this difference in distributions is 
